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ABSTRACT

The basic idea of using a co-axial cable as an
isolation pulse transformer for triggering spark gaps
is not new.ls2:3:%:5  However, there are several distinct
advantages of driving the braid as the primary as opposed
to driving the inner conductor. The fundamental advan-
tage is that the ratio of the output voltace to the in-
put voltage is unaffected by the thickness of insulation
between the inner conductor(s) and the braid. Thus, the
transformer with the braid as the primary works well for
isolating high secondary to primary voltages. This and
other advantages are demonstrated.

Introduction

Figure 1 shows the co-axial transformer being considered as a one
turmm loop of co-axial cable. Fiqure 1 also shows what is: meant by the
terminology of "driving the braid as the primary (Case I)" and "driv-
ing the #inercenductor as the primary (Case II)." The relative ad-
vantages of Case I over Case II are discussed in this paper.

Figure 2a shows the basic transformer circuit and Figs. 2b and 2c¢
show the equivalent primary and secondarv circuits, respectively. Of
basic interest, is the voltage transfer ratio Vout/Vin when the trigger
qap is open circuit (i.e. before the gap has broken down, ZTg * =). It
is desirable to have Vout/Vin as large as possible for reliable tricger-
ing. Table I gives the equations for the primary current |[Ip|, the
ratios of |Vout/Vin| and kIg/Vin|, the normalized current in the trigger
gap whe? the gap is short Circuited (i.e. after the gap has broken down,
76 =_0). -

The models in Fig. 2 are valid only for frequencies much less than
the speed of light divided by the largest physical dimension of the trans-
former (i.e. the transformer must be much smaller than one wavelenath).
In actuality, the performance of the co-axial transmitter is not Timited
in this respect since transformers as large as a wavelength operate quite
well. "Skin depth" effects, "proximity" effects and the electromagnetic
radiation from the transformer acting as a magnetic dipole antenna have
not been a problem.

*This work was supported by the National Science Foundation and the
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Table 11 gives the parameters of some of the transformers tested and
the values of ?wlslvinL which are about the same for either case. The
nomenclature used in the table is defined in Figs. 1,2, and 3. From Fia.
4 it can be seen that V, +/Vip is independent of Dgp/Djc for Case I but
not for Case II. Thus, for Case I only, can one add as much insulation
between the braid and the inner conductor as desired to isolate the sec-
ondary without affecting Vout/Vin. Hence, Case I works very well as a
high voltage isolation trans?ormer.

1f one looks at a cross-section of one side of the transformer, it
can intuitively be seen that all the flux generated by the current in the
braid is external to the inner conductor. However, not all the flux
generated by the current in the inner conductor is external to the braid
?i.e. some of the generated flux is between the inner conductor and
the braid). It is this difference that accounts for the results of
Fig. 4. Theoretically, one can calculate (or use Ref. 6, p. 52) the in-
ductance of a one turn loop with a major diameter D and a minor diameter

This inductance is equal to Lgy and equal to M because both induc-
tances come from the same flux linkages. The inductance Ly can be cal-
culated for a one turm loop with a major diameter D and a minor diameter
Dic. Since Drc is always less than Dgp, LIc must always be greater than
lgy. The coefficient of coupling, k, can then be calculated from:

k = MA/Igrlic . These calculations agree quite well with the experi-
mental data in Table II. The fact that Li¢c>M and that M = Lp,. accounts
for the differences between the two cases in Fia. 4. It shoqu be noted
that in Fig. 3b for Case I (Z1g = =), that the output voltage across

kLe 1s Vip but the input voltage is only kVi, which is less than Vi.
Th%s "apparent" voltage step-up between klp and kLg is the result o? the
perfect coupling between klp and klg. These arguments, of course, ne«
glect the flux in this cross-section that is generated by the currents
flowing in the remainder of the transformer,

Adding extra insulation between the braid and the inner conductor
also decreases the capacitance "C" (see Fig. 3) between the braid and the
inner conductor. It is desirable to have this "C" as small as possible
as it is a source for unwanted common mode noise. Thus, if Case I is
used (see Fig. 4), one can make "C" as small as necessary to reduce the
common mode noise by adding extra insulation without affecting Vq,¢/Vin,
the performance of the transformer.

Figure 5 shows one transformer (Dgy/Drc = 21.3) response to a square
wave for Case I and Case II. One can see that for Case I, Vou¢ is ap-
proximately Vin, but for Case II Vyoy¢t is as indicated in Fig. E. The
“ringing" response of Vgut has not caused problems in triccerina spark
aaps.

By "threading" one end of the inner conductor N times through the
braid, one can obtain a 1:N step-up transformer. In order to prevent
the turn to turn capacitance of the secondary from degrading the re-
sponse, extra insulation must be added between the turns to decrease
this capacitance. Neither the N secondary turns nor the extra insu-
lation between them has a noticeable affect on the transformer coupling
(i.e. Vout = NVin for Z1g = =). The experimental evidence of this is not
s?own4here, but the reasoning is the same as the explanation given for
Fig. 4.
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A

As an example, a 1:2 step-up transformer (D= 0,40 m, Dgyp™ 0.02 m,
¢ =~ 0.10 m, inner insulation and conductor of RG-8/U coaxial cable with
extra insulation) is presently being used to provide a 300 kV, 30 ns rise-
time trigger to a rail gap for the TeePee 1R Theta Pinch from a 150 kV,

13 stage Marx bank. This step-up transformer was needed (1) to provide
the high voltage triager pulse required for reliable switching (2) to
prevent damaging the Marx bank modules by isolating them from a reverse
high energy common mode noise pulse of 75 kV when the rail gap was fired
and (3) to break a around loop.
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Fig. 1. Co-axial pulse transformer.
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Fig. 2. Transformer circuit theory (Ref. 6, p149),
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Table X. Variables of interest
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Fig. 3. Transformer circuits used in Table . (Ref. 6, p151),
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Table I[.{ Measured transformer parameters,
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Fig. 5. Co-axial pulse transformer response to square wave input.



